In this paper, we propose an Adaptation Decision-Taking Engine (ADTE) that targets the delivery of scalable video content in mobile usage environments. Our ADTE design relies on an objective perceptual quality metric in order to achieve video adaptation according to human visual perception, thus allowing to maximize the Quality of Service (QoS). To describe the characteristics of a particular usage environment, as well as the properties of the scalable video content, MPEG-21 Digital Item Adaptation (DIA) is used. Our experimental results show that the proposed ADTE design provides video content with a higher subjective quality than an ADTE using the conventional maximum-bit-allocation method.
Introduction
The fast adoption of feature-rich portable devices has resulted in an increasing demand for the consumption of multimedia content in a mobile setting. However, the diverse properties of present-day networks (e.g., bandwidth, delay, and jitter) and devices (e.g., display resolution and energy consumption) impose restrictions on the way multimedia resources can be accessed and consumed. This observation explains the need for multimedia services that are in line with the vision of Universal Multimedia Access (UMA) [1] .
H.264/AVC Scalable Video Coding (SVC) [2] is a video coding format that allows for a wide range of adaptation strategies in order to meet the constraints and capabilities of a particular usage environment [3] . Consequently, SVC can be seen as a technology that makes it possible to achieve an optimal QoS in heterogeneous usage environments [4] . To do so, a decision needs to be taken on how to optimally adapt the scalable video content. Such logic can for instance be provided by an ADTE [5] - [7] .
Quality of video can be expressed using objective video parameters such as bit rate, Mean Squared Error (MSE), and Peak Signal-to-Noise Ratio (PSNR). For example, given a particular bandwidth, maximizing the number of bits in an extracted bitstream is a common operation for an ADTE handling SVC bitstreams [5] , [6] . However, it is well-known that objective video parameters correlate poorly with subjective quality, especially at lower bit rates [8] . Such bit rates are common in mobile usage environments. On the other hand, objective perceptual quality metrics can be used to model the visual perception of an end-user. Moreover, in order to optimally adapt SVC bitstreams along the different scalability axes, an objective perceptual quality metric can also be used to steer the adaptation decision-taking process.
In this paper, we discuss the design and operation of an ADTE that targets the delivery of scalable video content in mobile usage environments, relying on an objective perceptual quality metric. To demonstrate the efficiency of the proposed ADTE design, a test bed was implemented. Further, description tools part of MPEG-21 DIA [9] are used to describe the characteristics of a particular mobile usage environment, as well as to communicate the properties of the scalable video content. The proposed ADTE selects bitstreams whose subjective quality is the highest among candidate sub-bitstreams by measuring their objective perceptual quality score. Experimental results show that the proposed adaptation method offers consumers video quality closer to subjective quality than the conventional maximumbit-allocation method.
The remainder of this paper is organized as follows: Section 2 offers an overview of the enabling technologies. In Sect. 3, our ADTE design using an objective perceptual quality metric is presented. Section 4 outlines experimental results to demonstrate the efficiency of the proposed ADTE design. Finally, the paper is concluded in Sect. 5.
Enabling Technologies

MPEG-21 Digital Item Adaptation
The purpose of MPEG-21 DIA is to assist in the adaptation of multimedia content for satisfying transmission, storage, and consumption constraints [10] . Characterization of a particular usage environment can be done by MPEG-21 DIA description tools such as Usage Environment Description (UED), Universal Constraints Description (UCD), and AdaptationQoS (AQoS). UED allows describing a usage environment in terms of its terminal and network characteristics, natural environment properties, and user preferences. For instance, UED makes it possible to express that the device of an end-user is a laptop having support for SVC and connected to a network with an average bandwidth of 500 Kbps. Further, UCD allows imposing additional constraints on the usage environment description, such as the fact that rendering an image is limited to a restricted part of the display. Furthermore, the UCD also allows describing constraints not covered by UED. Finally, an AQoS deCopyright c 2009 The Institute of Electronics, Information and Communication Engineers scription contains information on the different ways scalable content can be adapted. Particularly, it links constraints imposed by networks and terminals with optimal parameter settings for a bitstream extractor, while maximizing the QoS. In short, by making use of the UED, UCD, and AQoS descriptions, an ADTE can determine an optimal extraction point that maximizes the QoS.
Objective Perceptual Quality Metric
Maximizing a single objective video parameter is limited in its ability to provide consumers with high-quality video content. To improve the quality of the video content offered in a constrained usage environment, it is useful to rely on an objective perceptual quality metric able to closely model the way video quality is experienced by humans. The objective perceptual Video Quality Metric (VQM) used in our ADTE design is shown in the equation below [11] :
where the coefficients α, β, δ, φ, and γ are respectively 2.9, 0.22, 33.12, 0.25 and 54.08 [11] . This quality metric is specifically designed for use in a mobile environment. In Eq. (1), PSNR represents the PSNR value of the video content, M A represents the MPEG-7 motion activity value [12] , FR represents the frame rate, and X represents the vertical spatial resolution. The spatial resolution in Eq. (1) may vary from QCIF to CIF. The advantage of Eq. (1) is that the quality metric considers the spatial, temporal, and SNR scalability characteristics of SVC bitstreams.
3. An Objective Perceptual Quality-Based ADTE Figure 1 shows the integration of our objective perceptual quality-based ADTE in an overall system that aims at the delivery of optimally adapted bitstreams to diverse mobile usage environments. It consists of a content server, the adaptation node, and clients [6] .
Content Server
The content server compresses raw video data into a fully scalable bitstream. Medium-Grained Scalability (MGS) is used to realize quality scalability. Further, priority id is used to represent the degree of picture quality.
The bitstream analyzer provides scalability information regarding every extraction point, defined as Ext Info . For each extraction point, the scalability information takes the form of spatial, temporal, and SNR scalability coordinates, along with its corresponding frame width and height, and frame and bit rate.
The content analyzer computes PSNR Info and Motion Info , parameters needed by the VQM module. PSNR info contains the PSNR values for all extraction points, while Motion info denotes the MPEG-7 motion activity value for the whole video sequence. Motion info is used by the objective perceptual quality metric in order to consider the temporal complexity of the video sequence.
Ext Info , PSNR Info , and Motion Info from both analyzers are delivered to the VQM module. This information is used by the VQM module to calculate an objective perceptual quality metric score (i.e., the VQM score) for each extraction point. Finally, Ext Info and the VQM scores are stored into an AQoS description by the AQoS description generator. Next, the AQoS description is delivered to the ADTE, together with the fully scalable bitstream.
A simplified example AQoS description generated for our experiment can be found in Fig. 2 . As shown in Fig. 2 , BANDWIDTH denotes the bit rate of the extraction points. SpatialLayers, TemporalLevels, and PriorityId denote the spatial, temporal, and SNR scalability coordinates of the extraction points, respectively. A definition for VQM score has been added to the AQoS classification schema of MPEG-21 DIA. The actual values of the scalability coordinates, such as spatial resolution and frame rate, are described by the lookup table module (LookUpTableType). 
Adaptation Node
For a particular client, the ADTE selects an extraction point that provides an optimal video quality, while taking into account the information stored in the UED, UCD, and AQoS descriptions. Using the selected extraction point, an extractor inside the adaptation node customizes the scalable video bitstream and transmits it to the client.
The ADTE decides which extraction points are feasible, in a set of possible extraction points. All possible extraction points are available in the AQoS description, and the final decision of the ADTE is influenced by considering the information stored in the UED and UCD descriptions, such as the available network bandwidth. The extraction point whose quality metric score is the highest among all of the extraction points in Ext Info is selected by the ADTE as the final extraction point. Scalability information about the final extraction point is provided as an input to the SVC bitstream extractor for the adaptation of the scalable video bitstream.
Experimental Results
In this section, we demonstrate the efficiency of our objective perceptual quality-based ADTE by showing that the adapted bitstreams provide end-users with highly satisfactory video quality. In order to assess the user satisfaction, a fully scalable bitstream was adapted by two adaptation methods, given a particular network bandwidth. Subsequently, a subjective assessment of the adapted bitstreams was performed.
The video sequence used in the experiment was the CREW sequence, containing 240 frames. This video sequence was encoded by JSVM 9.8 [13] , using MGS and a GOP size of 8 pictures. A single video sequence was sufficient to show the performance of the objective perceptual video quality metric because the performance of the objective perceptual video quality metric was uniformly high for video sequences with different temporal and spatial characteristics [11] . Detailed encoding parameters are presented in Table 1 .
After encoding, 192 extraction points were generated. Given these extraction points, we compared the quality of the bitstreams resulting from the two different adaptation methods. In Table 2 , method 1 adapts the scalable bitstream using bit rate maximization. This method selects that extraction point whose bit rate is the closest to the network bandwidth. On the other hand, method 2 adapts a scalable bitstream by selecting the extraction point with the highest VQM score. A high VQM score implies a high subjective quality for the end-user.
The results for the two adaptation methods used are presented in Table 2 , given the fact that the client device supports CIF resolution and a frame rate of 30 fps. For our experiment, we assume that the network bandwidth is varying from 50 Kbps to 500 Kbps and we measured the result per 100 Kbps. In order to prevent a sudden change of the spatial resolution due to a dynamically varying bandwidth, we fixed the spatial resolution at CIF.
In Table 2 , D denotes spatial scalability where 0 and 1 respectively represent QCIF and CIF. T denotes temporal scalability where 0, 1, 2, and 3 represent 3.75, 7.5, 15 and 30 fps, respectively. P indicates SNR scalability, where priority id ranges from 0 to 63 for a given D and T [14] . A lower value of priority id represents a better picture quality. Finally, the VQM score indicates the objective perceptual video quality metric score for a given extraction point.
As shown in Table 2 , since method 1 adapts bitstreams by maximizing the bit rate for a given network bandwidth, the bit rate of the extraction points is about 16% larger on average than when using method 2. Further, as method 2 selects extraction points that maximize the VQM score, the VQM scores of the extraction points are about 3% higher on average than those of method 1.
The adaptation results imply that, although method 1 makes full use of the available network bandwidth, it is limited in reflecting the subjective quality. Subjective quality is not guaranteed by maximizing an objective video parameter such as the bit rate, especially at lower bandwidths (which are typical for mobile usage environments).
In order to verify the previous observation, we performed a subjective assessment of the bitstreams that are the result from applying the two adaptation methods. For the subjective assessment, the adapted bitstreams are randomly arranged for each network bandwidth. Sixteen assessors participated in the test. Each assessor voted for the video content having the best subjective quality. Figure 3 shows the result of our subjective quality assessment.
In Fig. 3 , the X and Y axis respectively indicate the network bandwidth and the number of votes for each method. The bitstreams adapted by the proposed objective perceptual quality-based ADTE system acquired more votes from the assessors. Since the extraction points at 300 and 400 Kbps are the same, the results for both extraction points are negligible. The overall experimental results demonstrate that a high objective video parameter does not always guarantee a high subjective quality. Further, the proposed objective perceptual quality-based ADTE provides end-users with video content having a higher quality than an objective qualitybased ADTE.
Conclusions
As the consumption of multimedia content increases in mobile environments, adaptation techniques are becoming more important in order to provide end-users with video content having a high quality. In this paper, we propose an ADTE that uses an objective perceptual quality metric for guiding the adaptation of scalable video content. Our experimental results show that maximizing the bit rate, an objective video parameter, does not always guarantee a high subjective quality. Further, the video content adapted by the proposed objective perceptual quality-based ADTE has a better quality than when making use of an objective quality-based ADTE. As such, by making use of the proposed ADTE, a higher QoS can be provided when consuming video content in diverse mobile usage environments.
